1. Introduction {#s0005}
===============

COVID-19, caused by the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), first emerged in Wuhan, China in December of 2019. It has since spread rapidly throughout most of the world and become a global public health crisis. As of April 24, 2020, there have been more than 2.5 million confirmed cases and 160,000 deaths, and these numbers are continuing to rise.

COVID-19 is a highly infectious disease spread via human-to-human transmission, including through droplets, direct contact, and ocular tissues. Each patient can spread the virus to two to three new people \[[@bb0005]\]. SARS-CoV-2-infected patients are infectious even during the asymptomatic stage, which differs from SARS-CoV \[[@bb0005]\]. Although the majority of patients infected by SARS-CoV-2 have mild symptoms, the viruses can cause severe lung pneumonia, acute respiratory distress syndrome (ARDS), multiple organ failure, and death \[[@bb0010]\].

People with mild cases may only require early isolation and close follow-up \[[@bb0015]\]. For more severe cases, aggressive treatment and intensive care may be urgently needed. To date, the largest case series study enrolled 1591 COVID-19 patients who required ICU admission in Italy \[[@bb0020]\]. However, the majority (58%) of patients remained in the hospital, and there was no extra description of their medical therapy \[[@bb0020]\]. In severe cases, the disease progressed quickly while data guiding management remains limited and scarce. In China, Renmin Hospital of Wuhan University was a designated treatment hospital for patients with COVID-19. In this study, we recruited 681 people with confirmed, severe cases of COVID-19 with a clear endpoint (death or discharge) to clarify their epidemiological, clinical, and therapeutic features.

2. Methods {#s0010}
==========

2.1. Study population {#s0015}
---------------------

This retrospective, cohort study included 681 adult patients (≥18 years old) with COVID-19 who were admitted to the Renmin Hospital of Wuhan University in Wuhan, China, from January 3, 2020, to April 9, 2020. Patients were diagnosed with COVID-19 according to the guidelines issued by the China National Health Commission. All enrolled individuals met at least one of the following criteria: (1) symptoms of respiratory distress, with a respiratory rate ≥30 times/min; (2) a resting state blood oxygen saturation of ≤93%; (3) an oxygenation index (PaO2/FiO2) of ≤300 mmHg (1 mmHg = 0.133 kPa); or (4) lung imaging showing more than 50% of lesions progressing within 24--48 h. The Research Ethics Commission of Qilu Hospital of Shandong University and Renmin Hospital of Wuhan University approved this protocol.

2.2. Data collection {#s0020}
--------------------

The primary outcomes were all-cause mortality during hospitalization and discharge. The outcomes were used to divide participants into two groups: survivors and non-survivors. Two physicians reviewed the electronic medical records and extracted the epidemiological, demographic, clinical, laboratory, treatment, and outcome data of all patients. All data were confirmed by a third researcher. Neutrophil-To-Lymphocyte Ratio (NLR) was calculated as absolute neutrophil counts divided by absolute lymphocyte counts. Acute myocardial injury was diagnosed if serum levels of cardiac troponin I (cTnI) were above the upper limit of the reference range (\>0.04 ng/ml).

2.3. Statistical analysis {#s0025}
-------------------------

All statistical analysis was performed using SPSS Statistics 26.0 (IBM Corp.) and MedCalc (MedCalc Software bvba, Ostend, Belgium). Data are presented as median (IQR) for continuous variables and n (%) for categorical variables. A Mann-Whitney *U* test, chi-square test, or Fisher\'s exact test were used to compare the differences between survivors and non-survivors. A *P* value of \<0.05 was considered statistically significant. We used univariable and multivariable logistic regression models to explore the risk factors associated with outcomes. Receiver operating characteristic (ROC) curves were constructed to evaluate the sensitivity and specificity of the parameters. A crossover analysis was performed according to the research of D.W. Hosmer. To minimize bias by confounding, propensity score (PS) matching (1:2 match, caliper 0.2) was used to adjust for imbalances of clinically-relevant parameters that differed between the two groups. Kaplan--Meier curves were used to determine the survival probability.

3. Results {#s0030}
==========

3.1. Characteristics and laboratory findings of patients {#s0035}
--------------------------------------------------------

The demographic data, clinical characteristics, and laboratory findings of patients were shown in [Table 1](#t0005){ref-type="table"} . The median age of all subjects was 65.0 years (IQR 54.0--72.0), ranging from 27 to 98 years old. Males accounted for 53.2% of the subjects. Hypertension (43.0%) was the most common comorbidity, followed by diabetes (16.7%) and coronary artery disease (CAD, 11.7%). The main clinical symptoms were fever (85.9%), dry cough (67.8%), and fatigue (51.9%).Table 1Demographic, clinical, and laboratory findings of patients with COVID-19.Table 1Total patients (*n* = 681)Survivors (*n* = 577)Non-survivors (*n* = 104)*P* valueAge (years)65.0 (54.0--72.0)63.0 (52.0--70.0)72.5 (65.0--80.8)0.000 \<40 years old46 (6.8%)43 (7.5%)3 (2.9%)0.088 40--65 years old314 (46.1%)289 (50.1%)25 (24.0%)0.000 \>65 years old321 (47.1%)245 (42.5%)76 (73.1%)0.000  Gender Male362 (53.2%)297 (51.5%)65 (62.5%)0.038 Female319 (46.8%)280 (48.5%)39 (37.5%) Smoking29 (4.3%)26 (4.5%)3 (3.1%)0.706  Signs and symptoms Fever584 (85.9%)494 (85.8%)90 (86.5%)0.835 Dry cough462 (67.8%)397 (68.8%)65 (62.5%)0.205 Fatigue352 (51.9%)299 (52.1%)53 (51.0%)0.832 Dyspnea123 (18.1%)95 (16.5%)28 (26.9%)0.011 Diarrhea119 (17.5%)104 (18.1%)15 (14.4%)0.366 Palpitation17 (2.5%)15 (2.6%)2 (1.9%)0.944  Comorbidity Hypertension293 (43.0%)227 (39.3%)66 (63.5%)0.000 Diabetes114 (16.7%)96 (16.6%)18 (17.3%)0.866 CAD80 (11.7%)55 (9.5%)25 (24.0%)0.000 Cerebral infarction33 (4.8%)20 (3.5%)13 (12.5%)0.000 CKD27 (4.0%)20 (3.5%)7 (6.7%)0.194 COPD15 (2.2%)13 (2.3%)2 (1.9%)1.000  Laboratory findings White blood cells (10^9^/L)5.90 (4.39--7.94)5.66 (4.27--7.39)8.25 (5.60--12.45)0.000 Neutrophils (10^9^/L)4.17 (2.81--6.26)3.83 (2.70--5.50)7.36 (4.77--11.41)0.000 Lymphocytes (10^9^/L)0.97 (0.68--1.42)1.05 (0.73--1.49)0.56 (0.35--0.87)0.000 NLR3.84 (2.29--8.24)3.38 (2.14--6.33)12.27 (7.73--24.50)0.000 Hemoglobin (g/L)123.0 (112.0--134.0)123.0 (112.5--134.0)127.0 (108.5--138.0)0.491 Platelet (10^9^/L)214.0 (161.5--279.5)222.0 (168.5--290.0)173.0 (118.0--227.5)0.000 CRP (mg/L)40.1 (7.4--82.3)29.4 (5.0--68.6)101.0 (59.1--180.7)0.000 IL-6 (pg/mL)6.08 (1.89--20.00)4.43 (1.50--15.33)78.90 (26.47--118.28)0.000 ALT (U/L)25.0 (17.0--45.5)26.0 (16.0--46.0)24.0 (18.0--42.0)0.747 AST (U/L)30.0 (20.0--43.5)28.0 (20.0--40.0)41.0 (25.5--62.5)0.000 Creatinine (μmol/L)61.0 (50.0--74.5)60.0 (50.0--72.0)73.0 (54.0--112.0)0.000 LDH (U/L)286.0 (217.0--398.5)273.0 (212.0--349.0)477.0 (352.0--652.0)0.000 CK-MB (ng/mL)1.09 (0.70--2.00)0.99 (0.66--1.51)3.27 (1.72--5.95)0.000 cTnI (ng/mL)0.00 (0.00--0.03)0.00 (0.00--0.01)0.15 (0.03--0.78)0.000 Acute myocardial injury139 (20.4%)64 (11.1%)75 (72.1%)0.000 BNP elevation78 (13.6%)38 (8.0%)40 (42.1%)0.000 CD3 count (/μL)558.0 (356.0--858.8)611.0 (409.5--905.5)287.0 (177.0--433.0)0.000 CD4 count (/μL)349.5 (205.0--542.8)387.0 (237.5--576.5)172.0 (106.0--283.0)0.000 CD8 count (/μL)200.0 (107.3--311.5)209.0 (123.0--325.0)77.0 (48.0--147.0)0.000[^1][^2]

Compared with the survivors, non-survivors were older, more male, and had a higher heart rate and systolic blood pressure (SBP) (*P* *\<* .05). Non-survivors had higher hypertension, CAD, and cerebral infarction comorbidity rates (*P* *\<* .001), as well as significantly higher white blood cell and neutrophil counts and CRP, interleukin-6 (IL-6), NLR, aspartate aminotransferase (AST), creatinine, blood glucose, triglycerides (TG), LDH, creatine kinase-myocardial isoenzyme (CK-MB), and cTnI levels. Lymphocyte, platelet, CD3, CD4, CD8 counts and total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) levels were lower (*P* *\<* .05) in non-survivors. There were also more cases of acute myocardial injury (72.1% vs. 11.1%) and BNP elevation (42.1% vs. 8.0%) among non-survivors as compared to the survivors. There was no significant difference in diastolic blood pressure (DBP), aspartate aminotransferase (ALT), potassium, sodium, and hemoglobin between the two groups ([Table 1](#t0005){ref-type="table"}, Supplementary Table1).

3.2. Interventions and clinical outcomes {#s0040}
----------------------------------------

Oxygen support was administered to patients according to hypoxemia severity. Non-survivors received more noninvasive and invasive ventilation (*P* *\<* .01). Among the total 681 patients, 666 (97.8%) received antiviral treatment, including arbidol, ribavirin, ganciclovir, or oseltamivir, etc. The proportion of patients who received antibiotic therapy or immunoglobulin and glucocorticoid treatment was 83.8%, 54.6%, and 48.8%, respectively. Compared with the survivors, non-survivors used more antibiotics, glucocorticoids, immunoglobulin, and antifungal drugs, while less arbidol was administered (*P* *\<* .05) ([Table 2](#t0010){ref-type="table"} ).Table 2Interventions of patients with COVID-19.Table 2Total patients (n = 681)Survivors (n = 577)Non-survivors (n = 104)*P* valueOxygen support Nasal cannula476 (70.1%)442 (76.9%)34 (32.7%)0.000 Non-invasive ventilation164 (24.2%)125 (21.8%)39 (37.5%)0.001 Invasive mechanical ventilation38 (5.6%)7 (1.2%)31 (29.8%)0.000  Treatment Antiviral therapy666 (97.8%)566 (98.1%)100 (96.2%)0.380 Arbidol571 (83.8%)500 (86.7%)71 (68.3%)0.000 Ribavirin279 (41.0%)245 (42.5%)34 (32.7%)0.060 Ganciclovir92 (13.5%)72 (12.5%)20 (19.2%)0.064 Oseltamivir261 (38.4%)218 (37.8%)43(41.7%)0.446 IFN-α119 (17.5%)96 (16.6%)23 (22.1%)0.176 Antibiotic therapy571 (83.8%)470 (81.5%)101 (97.1%)0.000 Glucocorticoids332 (48.8%)266 (46.2%)66 (63.5%)0.001 Immunoglobulin372 (54.6%)305 (52.9%)67 (64.4%)0.029 Vitamin C214 (31.4%)175 (30.3%)39 (37.5%)0.147 Antifungal drugs19 (2.8%)10 (1.7%)9 (8.7%)0.000[^3]

3.3. Independent predictors of death {#s0045}
------------------------------------

We performed a multivariable logistic regression to determine the parameters associated with death in patients with severe cases of COVID-19. We found that NLR (odds ratio (95% CI), 1.057 (1.010--1.107); *P* *=* .018) and acute myocardial injury (7.716 (3.812--15.619); *P* *=* .000) were independently and negatively associated with death in patients with severe COVID-19. The risk of death increases by 5.7% for every one-unit increase in NLR. In addition, age, CRP, LDH, CD3 counts, arbidol, and ribavirin were independently associated with adverse outcomes ([Table 3](#t0015){ref-type="table"} ).Table 3Multivariate analysis for predicting the risk of death in COVID-19 patients.Table 3CharacteristicsMultivariateOR (95%CI)*P*Age (years)1.049 (1.019--1.080)0.001Acute myocardial injury7.716 (3.812--15.619)0.000NLR1.057 (1.010--1.107)0.018CRP (mg/L)1.007 (1.001--1.013)0.017LDH (U/L)1.003 (1.001--1.005)0.002CD3 count (/μL)0.998 (0.996--0.999)0.007Arbidol0.280 (0.126--0.625)0.002Ribavirin0.477 (0.232--0.982)0.044

ROC analysis identified an NLR of 6.66 as the optimal cutoff to discriminate between discharge and death outcomes (area under the curve \[AUC\] \[95% CI\], 0.860 \[0.821--0.898\]; *P* *\<* .001; Youden\'s index is 0.611). The area under the ROC curve was the largest in NLR, followed by acute myocardial injury (0.805), CRP (0.800), LDH (0.797), lymphocyte counts (0.788), and age (0.726). NLR predicted mortality better than age, LDH, CRP, and lymphocyte levels, suggesting it may be the best predictive parameter (*P* *\<* .05). Importantly, we found that the predictive effect of a combination of NLR and acute myocardial injury on death was better than that of NLR or acute myocardial injury alone (0.914 \[0.884--0.944\]; *P* *\<* .001; Youden\'s index = 0.697) (*P* *\<* .001, combined prediction vs. acute myocardial injury, NLR) ([Fig. 1](#f0005){ref-type="fig"} ).Fig. 1ROC analysis of the association between NLR, Acute myocardial injury, and their combination effect in relation to death. A. The ROC curves of age, CRP, LDH, NLR, lymphocyte counts, and acute myocardial injury. B. The ROC curves of NLR, acute myocardial injury, and their combination.Fig. 1

We further analyzed the relationship between survival probability, NLR, and acute myocardial injury. Increased NLR levels and acute myocardial injury reduced the survival probability. There were significant differences between the survival probability when NLR ≤6.66 and NLR \>6.66, with or without acute myocardial injury (*P* *\<* .001, Supplementary Fig. 1). A decision tree was built to predict death using the NLR cutoff threshold and acute myocardial injury as the predictor variable. Patients were split into two groups according to acute myocardial injury and then stratified into two subgroups according to NLR (≤6.66 or \>6.66). A total of 91 patients who had an acute myocardial injury and an NLR greater than 6.66 were in the first group, in which the mortality rate was 70.3%. A total of 416 patients with an NLR ≤6.66 who did not have acute myocardial injury were enrolled in the second group, in which only six (1.4%) patients died. The sensitivity of the diagnostic protocol was 0.84, the specificity was 0.77, the positive predictive value was 0.46, and the negative predictive value was 0.96 (Supplementary Fig. 2). The results suggested that a combination of NLR (\>6.66) and acute myocardial injury have a better predictive value of death in patients with COVID-19.

We performed a crossover analysis to further clarify whether there was an interaction between NLR and acute myocardial injury and their impact on adverse outcomes. We found that the synergy index (S) was 4.79 (*P* *\<* .05), suggesting that there was a positive interaction between NLR and acute myocardial injury on death (Supplementary Table 2).

3.4. Primary outcomes in the PS-matched cohort {#s0050}
----------------------------------------------

From the unadjusted analysis, we determined that the clinical status of patients with an NLR \>6.66 was worse at admission. To account for the confusion bias between patients with an NLR ≤ 6.66 vs. those with an NLR \>6.66, we performed PS matching and eventually had two balanced cohorts. The results indicated that the mortality of patients with an NLR \>6.66 was higher compared to those patients with an NLR ≤6.66. The NLR also increased significantly (*P* *\<* .001, Supplementary Table 3).

3.5. The treatments and outcomes of patients with cardiovascular disease {#s0055}
------------------------------------------------------------------------

Among all study subjects, 312 (45.8%) had cardiovascular disease (hypertension or CAD). Of these patients, 73 (23.4%) died. The deceased patients received less antiplatelet drugs, statins, β-blockers, and ACEI/ARB, but used more diuretics. We conducted a multivariable logistic regression in patients combined with COVID-19 and cardiovascular disease to evaluate the efficiency of the intervention. The results showed that age, acute myocardial injury, NLR, CRP, and LDH were still independent risk factors for death in this patient population. Moreover, arbidol and ribavirin were also effective in these patients. Surprisingly, β-blockers and ACEI/ARB were independently and positively associated with decreased mortality and might have a beneficial effect for COVID-19 patients with cardiovascular disease ([Table 4](#t0020){ref-type="table"} , Supplementary Table 4).Table 4Multivariate analysis of parameters associated with death in patients with cardiovascular disease.Table 4CharacteristicsModel 1Model 2OR (95%CI)*P*OR (95%CI)*P*Age1.077 (1.031--1.125)0.0011.081 (1.032--1.131)0.001Acute myocardial injury5.781 (2.368--14.116)0.0007.708 (2.988--19.887)0.000NLR1.129 (1.059--1.204)0.0001.132 (1.060--1.210)0.000CRP (mg/L)1.015 (1.007--1.023)0.0001.016 (1.008--1.024)0.000LDH (U/L)1.004 (1.001--1.006)0.0081.004 (1.001--1.006)0.005β-blockers0.255 (0.076--0.853)0.026ACEI/ARB0.136 (0.035--0.532)0.004Arbidol0.246 (0.084--0.723)0.0110.205 (0.067--0.631)0.006Ribavirin0.238 (0.082--0.685)0.0080.208 (0.070--0.618)0.005[^4]

4. Discussion {#s0060}
=============

COVID-19 is a serious threat to public health. Those with severe cases may wonder: "Will I live or die?" Therefore, to clarify their clinic characteristics and seek an efficient therapy to improve their survival and decrease the mortality is urgently needed. In this descriptive study, 681 patients with severe, confirmed cases of COVID-19 were enrolled and all of them reached a clear endpoint (death or hospital discharge). To our best knowledge, this is the largest cohort study of severe COVID-19 cases with a definite endpoint in China. First, we found that age, CRP and LDH levels, CD3 counts, NLR, and acute myocardial injury were independently associated with death in severe COVID-19 patients. The combination of NLR and acute myocardial injury was highly predictive of mortality and survival exclusion diagnosis, more so than NLR or acute myocardial injury alone. Second, arbidol and ribavirin may be a beneficial therapy for COVID-19 and may be associated with improved survival rates. Third, β-receptor blocking agents, ACEI/ARB, arbidol, and ribavirin were independently and positively associated with death in patients who had COVID-19 and cardiovascular disease. These treatments might be effective in this patient population.

SARS-CoV-2 infection preferentially afflicts the elderly and those with chronic comorbidities \[[@bb0025]\]. Compared to survivors, non-survivors were typically older - 73.1% of them were over the age of 65 years, while 2.9% were younger than 40 years old - and had more comorbid conditions. Multivariable logistic regression revealed that older age was independently and negatively associated with death in COVID-19 patients. Meanwhile, 375 patients had underlying comorbidities, with hypertension being the most common, followed by diabetes, and CAD. However, a retrospective study involving 191 patients did not find that comorbidities can independently predict an increased risk of death \[[@bb0030]\]. Our multivariable regression had similar findings and did not establish an independent predictive value between underlying diseases and mortality.

Although most SARS-CoV-2-infected patients are asymptomatic and have mild cases, severe cases can lead to acute respiratory distress syndrome (ARDS), multiple organ failure, and even death \[[@bb0010]\]. As of April 20, 2020, the total worldwide case-fatality rate of COVID-19 was 5.2%. However, the mortality was higher in severe and critical patients. One study of 41 patients indicated that 15% of patients died, while the mortality rate increased by 38% in patients requiring ICU admission \[[@bb0025]\]. In one report in China of 44,672 confirmed cases, including 2087 (5%) critical cases, the overall case-fatality rate was 2.3%, while 49% were critical cases \[[@bb0035]\]. In another study in Italy of 1591 patients confirmed to have COVID-19, 405 (26%) patients died in ICU \[[@bb0020]\]. Our mortality rate was 15.3%, and we found that 80% of cases died within 14 days of admission. This heterogeneity may be associated with differences in illness severity.

Viral invasion and rapid replication cause the change of white blood cells and the production of proinflammatory cytokines, resulting in a cytokine storm and pulmonary tissue damage \[[@bb0040]\]. Elevated inflammatory indicators are predictive of a fatal outcome \[[@bb0045]\]. Consistent with previous research \[[@bb0050]\], we found that traditional infection markers, including the number of white blood cells and serum levels of CRP and IL-6, were significantly higher in non-survivors than in survivors. As a specific marker of systemic inflammation and infection, NLR has prognostic value in predicting the 30-day mortality rate in community-acquired pneumonia \[[@bb0055]\]. In our study, NLR was significantly higher in non-survivors as compared with survivors. Moreover, higher NLR at admission was associated with an increased risk of death.

SARS-CoV-2 can cause acute myocardial injury, which was present in 7.2%--30% of hospitalized patients \[[@bb0045],[@bb0060]\]. Acute myocardial injury might be an important cause of severe clinical phenotypes or adverse endpoint events and is considered a predictor of mortality in patients with COVID-19 \[[@bb0065]\]. In this study, levels of LDH and CK-MB were significantly increased in non-survivors, and 72.1% of non-survivors had elevated serum cTnI levels while 11.1% of survivors did. We found that NLR and acute myocardial injury on admission were the two best predictors of mortality in patients with severe cases of COVID-19. Moreover, the combined diagnostic value of these two indicators was significantly better than either alone. The AUC of NLR and acute myocardial injury combined was significantly higher than that of traditional infection markers, such as CRP, and myocardial injury markers, such as LDH and CK-MB. We built a decision tree that showed a combination of NLR and acute myocardial injury was highly predictive of mortality and survival exclusion diagnosis. Therefore, patients with a high NLR (\>6.66) and myocardial injury require more aggressive treatment strategies, including appropriate respiratory support or admission to the ICU.

Impaired immune homeostasis and function are characteristic of severe SARS-CoV-2 infections [@bb1000] . Patients with weakened immune systems are more likely to become severely ill \[[@bb0040]\]. We found both lymphocytes and T cell subset counts (including CD3, CD4, and CD8 T cells) were lower in non-survivors, suggestive of immune function damage. A multivariable logistic regression showed CD3 counts were independently and positively associated with mortality in severe cases of COVID-19. Therefore, a promising treatment strategy for COVID-19 may be to increase the number of immune cells and to recover immune function.

Although physicians want efficient treatments for SARS-CoV-2 infections, there is currently no specific therapeutic drug or vaccine. Antiviral treatment may be promising, antiviral drugs (including arbidol, oseltamivir, lopinavir, and ritonavir, etc.) have been used to treat COVID-19. However, clinical efficacy data is limited. Recently, in one study of 199 patients hospitalized with severe COVID-19, lopinavir-ritonavir treatment showed no benefit beyond standard care, and some patients developed adverse gastrointestinal events during therapy \[[@bb0070]\]. In an in vitro experiment, arbidol effectively suppressed SARS reproduction \[[@bb0075]\]. Ribavirin was widely used in Hong Kong during the SARS outbreak \[[@bb0040]\]. A multivariable regression analysis showed that arbidol and ribavirin may be associated with improved chances of survival and may be beneficial in COVID-19 therapy. IFN-α was recommended in the guidelines issued by the National Health Commission of China, based on the beneficial effect seen during SARS \[[@bb0080]\]. However, we did not see this efficiency in COVID-19 cases. Therefore, every drug regimen for severe cases should include arbidol or ribavirin. Considering the side effects, it is not recommended to use three or more antiviral drugs at the same time \[[@bb0040]\]. Many patients, particularly severely ill ones, develop a bacterial infection. As such, antibiotic therapy should be considered.

Coexisting conditions, particularly cardiovascular disease, were common in patients with COVID-19, which might increase the risk of death \[[@bb0085]\]. A meta-analysis of 1576 patients with COVID-19 indicated that the prevalence of hypertension and CAD was approximately 21.1% and 8.4%, respectively \[[@bb0090]\]. Patients with cardiovascular disease are more susceptible to severe and fatal SARS-CoV-2 infection, which accounts for a large proportion of COVID-19 deaths \[[@bb0085]\]. In this study, 45.8% of patients had preexisting cardiovascular disease, of which 23.4% died. During hospitalization, increased cTnI and BNP were observed in 31.1% and 20.5% of patients with cardiovascular disease, respectively. Therefore, medically managing coexisting conditions and preventing cardiac complications should garner more attention. Antiplatelet drugs, statins, β-blockers, and ACEI/ARB have been wildly used to treat cardiovascular diseases. In this study, we assessed the safety and efficiency of these drugs, and we found both β-blockers and ACEI/ARB, as well as arbidol and ribavirin, were independently and positively associated with death in patients with COVID-19 and cardiovascular disease, and might be effective in these patients. Recently, Vaduganathan M et al. indicated that patients with COVID-19 and myocardial injury might have higher early risks after ACEI/ARB withdraw, suggesting ACRI/ARB may play a key role in COVID-19 \[[@bb0095]\].

There are several limitations to our study. First, as this is a retrospective study, a number of confounding factors may influence the clinical outcomes. Second, the sample size of our study population was not large enough. Further, multicenter studies are required.

5. Conclusion {#s0065}
=============

The combination of NLR and acute myocardial injury on admission was highly predictive of mortality and survival exclusion diagnosis. Patients with a high NLR (\>6.66) and myocardial injury require a more aggressive treatment strategy. Arbidol and ribavirin may be beneficial in severe cases of COVID-19. To the patients combined with COVID-19 and cardiovascular disease, β-blockers and ACEI/ARB as well as arbidol and ribavirin were also effective. We are anxiously awaiting the results of randomized, controlled clinical trials currently underway, which may provide therapy recommendations for patients with COVID-19.
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[^1]: Data were presented as n (%) or median (IQR).

[^2]: *P* values are comparing Survivor and Non-survivor. CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; IL-6, Interleukin-6; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; CK-MB, creatine kinase-myocardial isoenzyme.; cTnI, cardiac troponin I; BNP, brain natriuretic peptide.

[^3]: IFN-α, Interferon-α;

[^4]: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
